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DAMAGE TO PEANUTS 
EROM FREE-FALL IMPACT 

By Whit O. Slayi 


ABSTRACT 

Shelled and inshell Runner, Virginia, and Spanish peanuts were free- 
fall-impacted upon wood, steel, concrete, and peanut surfaces. Drop heights 
ranged from zero to 12 feet for the shelled peanuts and from zero to 45 feet 
for the inshell peanuts. Tests were conducted under two peanut temperature 
conditions, 74° to 76° F and 35° F. The damage factors measured and used 
to define results with the shelled peanuts were split kernels, oil stock, bald 
kernels, and germination. Split kernels, foreign materials, loose shelled 
kernels, cracked or broken pods, and germination were used to define results 
with the inshell peanuts. Drop heights of 2 feet and above were highly 
significant as a cause of damage to the shelled peanuts. In some of the 
tests with the inshell peanuts, significant damage occurred when drop 
heights reached 8 feet. There was interaction between drop height, impact 
surface, and peanut temperature in some, but not all, tests. For the shelled 
peanuts, the percentage increase in split kernels was higher than the in- 
creases in any of the other types of damage. With the inshell peanuts, the 
percentage increase was highest for the cracked or broken pods but was 
almost as high for the loose shelled kernels. The amount of damage_ that 
occurred in a particular category varied with peanut type and test condition. 


INTRODUCTION 

Peanuts go through many handling and 
processing operations before reaching the con- 
sumer, and they are repeatedly subjected to im- 
pact forces from being dropped or from 
mechanical equipment. Though the peanut in- 
dustry recognizes that peanuts are damaged in 
handling and in processing, there is very little 
information available that defines the type or 
extent of damage done or that relates it to drop 
height and impact surface. 

Experiments were conducted to determine the 
amount of various types of peanut damage 
caused by free-fall impact of peanuts upon sur- 
faces of different materials. Shelled and inshell 
peanuts at 74° to 76° F (ambient air tempera- 
ture) and at 35° F were dropped upon surfaces 

’ Industrial engineer, National Peanut Research Lab- 
oratory, Agricultural Research Service, U.S. Department 
of Agriculture, Dawson, Ga. 81742. 


of wood, steel, concrete, and peanuts. Drop 
heights ranged from zero to 12 feet for shelled 
peanuts and from zero to 45 feet for inshell pea- 
nuts. Three replications were made at each drop 
height. This report describes the procedures and 
results of these experiments. 

PROCEDURE 

Runner, Spanish, and Virginia peanuts were 
free-fall-impacted upon surfaces of wood, steel, 
concrete, and peanuts. Shelled and inshell pea- 
nuts were tested at peanut temperatures of 74° 
to 76° F and 35° F. 

The test apparatus consisted primarily of a 
sample-holding tube with an electrically acti- 
vated drop gate, a 12-inch-diameter tube 
(through which the peanuts were dropped) , a 
padded catch box, photoelectric cells, and an 
el^tronic timer. The impact surfaces were 18- 
inch squares composed of ^/^-inch steel plate. 
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a 3-inch-thick cast-concrete block, three thick- 
nesses of %-inch plywood glued together, and a 
3-inch layer of peanuts with a loose covering of 
gauze. 

The electrical circuitry of the system (fig- 1) 
was arranged so that a switch simultaneously 
activated the drop gate and timer. A photoelec- 
tric cell was focused just above the impact sur- 
face so that, upon impact, the peanuts would 
intercept the light beam and thereby stop the 
timer. Three replications were made at each drop 
height and three variables — drop height, impact 
surface, and peanut temperature — were investi- 
gated. 
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Figure 1. — Wiring diagram of test apparatus. 

There is some evidence that the velocity of 
grain falling in a stream is different from that 
of single kernels falling. Assuming that this 
would also be true for peanuts, stream conditions 
were simulated by dropping the peanuts from 
a 4-foot-long sample-holding tube. 

Shelled peanut samples weighing approxi- 
mately 3 pounds were required to fill a 2-mch- 
diameter, 4-foot-long sample-holding tube. 
Ambient temperature averaged 74° F, relative 
humidity averaged 60 percent, and moisture 
content of the peanuts was 6.8 percent. Drop 


diameter, 4-foot-long sample-holding tube. 
Ambient temperature averaged 76° F, relative 
humidity averaged 65 percent, and moisture con- 
tent of the peanuts was 7 percent. Drop heights 
ranged from zero to 45 feet, and the factors 
used to analyze damage were split kernels, loose 
shelled kernels, foreign material, cracked or 
broken pods, and germination. 

Treatment of the test data included an analysis 
of variance to determine the significance of, and 
interaction among drop height, impact surface, 
and temperature. However, in order to show 
damage as a function of drop height, regression 
analysis was used to derive equations for the 
various test conditions. Each equation was de- 
rived from the 21 observations made for a par- 
ticular test condition. Correlation coefficients of 
0.444 or greater are statistically significant at 
the 0.05 level. 

RESULTS 

Drop height, impact surface, and peanut tem- 
perature were all significant causes of damage, 
but the effects varied according to the type of 
damage. In all the tests, drop height was the 
most significant cause of damage, but in most 
cases the interaction between drop height and 
impact surface was also significant. Peanut tem- 
perature was the least important variable affect- 
ing damage. 

The amount of damage that occurred in a 
particular test condition was similar for each of 
the three peanut types. Therefore, because of the 
large number of individual conditions involved 
with all three types of peanuts, the results ob- 
tained from the ‘Florunner’ peanuts are con- 
sidered typical and are discussed in this 
publication. The equations for determining the 
amount of a particular type of damage for each 
test condition with the Spanish and Virginia 
peanuts are contained in the appendix. By sub- 
stituting the appropriate values of drop height 
(in feet) for X, the damage values in percent 
(Y) can be determined. 

There were slight differences in velocity-and 
time-displacement values for the three types of 
oeanuts and for the shelled and inshell samples. 
Towever, the values shown in the velocity-dis- 
placement curve (fig. 2) and in the time-dis- 
placement curve (fig. 3) for the ‘Florunner’ 
eanuts closely approximate the values for all. 








DISPLACEMENT (FEET) 


Figure 2. — Velocity-displacement curve for 4-foot col- 
umn of inshell ‘Florunner’ peanuts in free fall. 



Bald kernels 

There was a small decrease in the bald-kernel 
content of test samples for both peanut tempera- 
tures (35^ F and 74° F) as drop heights in- 
creased (figs. 6 and 7). Undoubtedly, some 
skinning of the kernels occurred from impact, 
but apparently most of them were split. Fitting 
the data to a parabolic curve gives some indica- 
tion that the bald-kernel content of the peanuts 
at 35° F was decreasing at zero to 4 feet of drop, 
whereas the peanuts at 74° F had practically 
no decrease in this drop-height range. Appar- 
ently, the slight difference in damage at the 
lower drop heights was caused by some loss of 
resiliency in the peanuts at 35° F. It is difficult 
to establish the overall effect of temperature 



Y= 0.826X + 0.483 (r=0.979) 
Y= 0.8 1 3X + 0.5 70 (r= 0.9 55) 
Y=0.800X + 0.463 (r= 0.960) 
Y=0.474X + 0.766 (r= 0.93 1) 
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Figure 4.— S'plit-kernel outturn of shelled ‘Florunner’ 
peanuts at 35® F after falling from various heights 
upon different surfaces. 


Figure 3. — Time-displacement curve for 4-foot column 
of inshell ‘Florunner’ peanuts in free fall. 

Shelled ‘Florunner’ Peanuts 
Split kernels 

The peanuts were more susceptible to splitting 
than to any other type of damage. Drop height 
was the most significant cause of damage. How- 
ever, there was a temperature effect as indicated 
by the difference in damage values for the two 
temperature conditions. The split-kernel values 
for the peanuts at 35° F were slightly higher 
than those for the peanuts at 74° F (figs. 4 and 

5 ). . ^ 

There was very little difference among impact 
surfaces in the amount of damage done, except 
for the peanut surface, which caused much less 
damage. The same pattern of response occurred 
at both peanut temperatures. 



— Y=0. 871 X + 0.325 {r=0.940) 
Y=0.779X f 0.474 {r=0. 955) 


Y= 0.76 I X *■ 0.309 (r= 0.965) 
Y=0.545X + 0.535 (r=0.957) 
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Figure 5. — Split-kernel outturn of shelled ‘Florunner’ 
peanuts at 74® F after falling from various heights 
upon different surfaces. 
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Figure 6. — Bald-kernel outturn of shelled ‘Florunner^ 
peanuts at 35° F after falling from various heights 
upon different surfaces. 



DROP HEIGHT 

Figure 7. — Bald-kernel outturn of shelled ‘Florunner’ 
peanuts at 74° F after falling from various heights 
upon different surfaces. 

because of the possibility that many of the bald 
kernels were split. However, there was very little 
difference in the response of the peanuts to the 
impact surfaces. Evidently, when a bald kernel 
is subjected to an impact of any appreciable ex- 
tent, it will very probably split unless the impact 
surface has much better shock-absorbing ability 
than those used. 

Oil Stock 

Oil-stock^ damage was rather minor for both 
peanut temperatures. The peanuts at 35° F had 
slightly higher damage values (fig. 8) than those 

- Term refers only to bits and pieces of peanuts broken 
off the kernels during impact and does not include small 
whole kernels that would normally be classed as oil stock. 


Figure 8. — Oil-stock outturn of shelled ‘Florunner' pea- 
nuts at 35° F after falling from various heights upon 
different surfaces. 
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DROP HEIGHT 

Figure 9. — Oil-stock outturn of shelled ‘Florunner’ pea- 
nuts at 74° F after falling from various heights 
upon different surfaces. 

at 74° F (fig. 9), but peanut temperature had 
less influence than drop height on damage. The 
reaction of the peanuts to the impact surfaces 
was similar at both temperatures. The impact 
of peanuts on peanuts caused the least damage, 
with the impact on wood, concrete, and steel 
surfaces next in order. Total damage for the 
most extreme test condition, peanuts at 35° F 
impacted from 12 feet on the steel surface, was 
less than 0.25 percent. Apparently, the peanuts 
were very resistant to this type damage. 

Germination 

Germination of the peanuts was very incon- 
sistent and the cause is not readily apparent. 
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This result was not expected, since in some tests 
peanut-impact velocities reached 27 feet per sec- 
ond. The control samples had 65 percent germi- 
nation, and 33 percent of the peanuts were 
molded. The test samples varied within a few 
percentage points of the control samples, so per- 
haps the low germination and high incidence of 
mold masked or affected some of the damage 
results. 

There was some indication of the effect of 
drop height when using the concrete and peanut 
impact surfaces. With these surfaces, and from 
a drop height of 12 feet, germination of the 
peanuts at 35° F decreased approximately 6 per- 
cent, and those at 74° F decreased approximately 
4 percent (figs. 10 and 11) . Some effect of tem- 


perature may be indicated by this difference in 
damage. 

The germination tests were run in accordance 
with procedures prescribed by the Georgia State 
Seed Testing Laboratory. However, it seems 
likely that some unknown factor affected the 
results. Therefore, the validity of the data is 
very questionable. 

Inshell Tlorunner’ Peanuts 

Split kernels 

The peanuts at 76° F were more uniform in 
response and had less damage (fig. 12) than the 
peanuts at 35° F (fig. 13). Generally, damage 
values for the 45-foot drop height were 1 to l^/i 
percent higher for the peanuts at 35° F. At both 


SURFACE : 

yVOOD Y= 0.098X + 63,8 I 6 (r= 0.106) 

STEEL --- Y= - 0. I 08X + 67.246 (r= - 0. I 05) 

CONCRETE Y« - 0.6 I OX 4- 65.624 (r= - 0.402) 

PEANUTS — - Y= - 0.505X + 63.889 (r=- 0.322) 


75 


O 70 


2 

ct 

LU 

(D 

h- 

Z 

w 

o 


0^— H 1 1- 

0 12 3 



CORRELATION COEFFICIENTS OF 0.444 OR 
GREATER ARE STATISTICALLY SIGNIFICANT 
AT 0.05 LEVEL. 

H 1 1 1 1 1 1 1 1 

4 5 6 7 8 9101112 


lu 10 + 


SURFACE : 
WOOD 
STEEL 
CONCRETE 
PEANUTS — 


- Y=0.044X + 8. I 24(r=0.606) 

- Y= 0.034X + 8.428(r:= 0.49 I) 
-> Y= 0.03 IX + 8.3 I I (r= 0.454) 

Y=0.00 2X + 8.59 5 (r* 0.03 9) 



CORRELATION COEFFICIENTS OF 0.444 OR 
GREATER ARE STATISTICALLY SIGNIFICANT 
kr 0. 05 LEVEL. 

H 1 1 1 1 1 1 


1 1 h 

0 5 10 15 20 25 30 35 40 45 50 


DROP HEIGHT 


DROP HEIGHT 


Figure 10. — Germination outturn of shelled ‘Florunner^ 
peanuts at 35° F after falling from various heights 
upon different surfaces. 
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Figure 11. — Germination outturn of shelled ‘Florunner^ 
peanuts at 74° F after falling from various heights 
upon different surfaces. ^ 


Figure 12. — Split-kernel outturn of inshell ‘Florunner^ 
peanuts at 76° F after falling from various heights 
upon different surfaces. 

SURFACE ; 
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Figure 13. — ^Split-kernel outturn of inshell ‘Florunner’ 
peanuts at 35° F after falling from various heights 
upon different surfaces. 
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This result was not expected, since in some tests 
peanut-impact velocities reached 27 feet per sec- 
ond. The control samples had 65 percent germi- 
nation, and 33 percent of the peanuts were 
molded. The test samples varied within a few 
percentage points of the control samples, so per- 
haps the low germination and high incidence of 
mold masked or affected some of the damage 
results. 

There was some indication of the effect of 
drop height when using the concrete and peanut 
impact surfaces. With these surfaces, and from 
a drop height of 12 feet, germination of the 
peanuts at 35° F decreased approximately 6 per- 
cent, and those at 74° F decreased approximately 
4 percent (figs. 10 and 11) . Some effect of tem- 


perature may be indicated by this difference in 
damage. 

The germination tests were run in accordance 
with procedures prescribed by the Georgia State 
Seed Testing Laboratory. However, it seems 
likely that some unknown factor affected the 
results. Therefore, the validity of the data is 
very questionable. 

Inshell ‘Florunner’ Peanuts 

Split kernels 

The peanuts at 76° F were more uniform in 
response and had less damage (fig- 12) than the 
peanuts at 35° F (fig. 13) . Generally, damage 
values for the 45-foot drop height were 1 to IV 2 
percent higher for the peanuts at 35° F. At both 
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Figure 10. — Germination outturn of shelled ‘Florunner^ 
peanuts at 35 ® F after falling from various heights 
upon different surfaces. 
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Figure 11. — Germination outturn of shelled ‘Florunner^ 
peanuts at 74“ F after falling from various heights 
upon different surfaces. , 
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Figure 12. — Split-kernel outturn of inshell ‘Florunner’ 
peanuts at 76° F after falling from various heights 
upon different surfaces. 
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Figure 13. — Split-kernel outturn of inshell ‘Florunner’ 
peanuts at 35“ F after falling from various heights 
upon different surfaces. 
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temperatures the impact of peanuts on peanuts 
caused fewer split kernels than the impact of 
peanuts on other surfaces. The peanuts at 35° F 
were particularly sensitive to the steel and con- 
crete surfaces. In all cases split-kernel damage 
was significant, except for peanuts at 76° F im- 
pacted upon peanut surfaces. With peanuts at 
ambient temperature, the ability of the peanut 
surface to cushion and absorb impact forces was 
evident. 


Loose shelled kernels 

The peanuts were most sensitive to drop 
height, although impact surface and peanut tem- 
perature were significant causes of damage. The 
response of the peanuts to impact surface was 
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very similar at both peanut temperatures, but 
the peanuts at 35° F had more damage than the 
peanuts at 76° F (figs. 14 and 15). At a given 
temperature, the wood, concrete, and steel sur- 
faces caused very nearly the same amount of 
peanut damage and, in each case, more damage 
than was caused by the peanut surface. 

Foreign material 

There was some difference in the reaction of 
the two temperature groups of peanuts to drop 
height and impact surface. The peanuts at 76° F 
showed very little difference in response to im- 
pact surface (fig. 16), but damage gradually in- 
creased as drop height increased. The peanuts 
at 35° F showed a much more varied response 
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Figure 14. — Loose-sh^lled-kernel outturn of inshell *Plo- 
runner’ peanuts at 35“ F after falling from various 
heights upon different surfaces. 
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Figure 15. — Loose-shelled-kernel outturn of inshell ^Flo- 
runner' peanuts at 76“ F after falling from various 
heights upon different surfaces. 


Figure 16. — Foreign-material outturn of inshell ‘Flo- 
runner’ peanuts at 76“ F after falling from various 
heights upon different surfaces. 
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Figure 17. — Foreign-material outturn of inshell ^Flo- 
runner^ peanuts at 35° F after falling from various 
heights upon different surfaces. 



to impact surface (fig. 17), and damage in- 
creased more rapidly in response to drop height. 
The higher damage values for the peanuts at 
35° F are indicative of the effect of peanut tem- 
perature. There was generally less damage with 
the peanut impact surface at both temperatures 
than with the other surfaces. 

Cracked and broken pods 

The response of the peanuts to the peanut im- 
pact surface for this type of damage was not the 
same as for the other damage categories. The 
amount of damage was equal to or more than 
that of the other surfaces at both temperatures. 
With the peanut impact surface, the peanuts 
did not bounce upon impact, as they did with the 
other impact surfaces, and thus were subjected 
to double impact, which may account for these 
results. 

The peanuts at 35° F showed an almost total 
incidence of cracked and broken pods at the 45- 
foot drop height (fig. 18) . The peanuts at 76° F 
were a little lower in percentage of breakage at 
the 45-foot drop height, but the initial percent- 
age of broken pods was also lower (fig. 19). 
These results indicate some effect of tempera- 
ture, but the difference is small and almost 
negligible. 

The increase in percentage of cracked and 
broken pods was higher than the increase of any 
other damage factor. Losses from this type of 
damage are not directly measurable, but the po- 
tential loss is evident. Dirt and mold contami- 
nation are much more likely to occur, and insects 
have much easier access to kernels with cracked 
and broken pods. Also, loose shelled kernels are 
more likely to occur in future handling opera- 
tions. There are many reasons to be concerned 
with this type of damage, but most importantly, 
if it does occur, a higher incidence of other types 
of damage is very probable. 
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Figure 18. — Cracked- and broken-pod outturn of inshell 
Tlorunner’ peanuts at 35° F after falling from 
various heights upon different surfaces. 
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Figure 19. — Cracked- and broken-pod outturn of inshell 
‘Florunner’ peanuts at 76“ F after falling from 
various heights upon different surfaces. 


The germination tests were run in accordance 
with procedures prescribed by the Georgia State 
Seed Testing Laboratory. However, it seems 


Germination 

Germination of thejoeanuts was very incon- 
sistent, and the cause is not readily apparent. 
The control samples and test samples had low 
germination and high incidence of mold, which 
may have masked or affected the results. The 
germination percentages for all samples drop- 
ped from 45 feet were very nearly the same. 
These results were not as expected, since the 
velocity of the peanuts at impact was approach- 
ing 50 feet per second. 


likely that some unknown factor affected the 
results; therefore, the data are not included in 
this report. 

DISCUSSION 

The results of these tests indicate that peanuts, 
particularly while in the shell, can withstand 
rather severe \mpact forces. In most of the test 
conditions the amount of damage was relatively 
low, particularly at the low and medium drop 
heights, which produced impact forces presum- 
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ably nearer those that peanuts would normally 
encounter. 

There is no available history on prior handling 
of the peanuts used in these tests, but it is as- 
sumed that they were subjected to normal han- 
dling conditions. The grade factors of the control 
samples generally indicate that this is a fair 
assumption. However, most of the types of dam- 
age discussed here are accumulative and, de- 
pending on the frequency and severity of 
handling, could be much more severe. 

The peanuts at 35° F had consistently higher 
damage values than those at 76° F. These re- 
sults support the assumption that peanuts lose 
resiliency and are more easily damaged as they 
become colder. 


Drop height was obviously the most critical 
cause of damage, and the statistical treatment 
of the test data shows its interaction with impact 
surface. The tests indicate that any hard surface 
that lacks resiliency will probably produce simi- 
lar results. The consistently lower damage values 
(except those for cracked and broken pods) for 
the peanut impact surface supports such an as- 
sumption. Therefore, it follows that a resilient 
material should be used at all points where pea- 
nuts are subjected to free-fall impact. Also, im- 
pact damage should be eliminated by using 
letdown mechanisms and by operating equip- 
ment at slower speeds. 
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APPENDIX -DAMAGE EQUATIONS FOR SPANISH AND VIRGINIA PEANUTS 
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Oil stock F=0.01Z+0.05 0.88 y=0.01Z+0.06 0.77 F=0.01Z+0.04 0.86 F = 0.01Z+0.04 0.78 

Splitkemels F = 0.28Z + 0.48 .89 F = 0.22Z + 0.56 .88 F = 0.24Z+0.47 .90 F = 0.11Z+0.70 .77 

Baldkernels F= -0.06Z+2.09 -.16 F= -O.llZ+2.08 -.30 F= -0.06Z+2.00 -.16 F= -O.lOZ+2.01 -.27 

Germination F = 0.05Z+92.19 .06 F=0.13Z+93.85 .20 F=0.05Z+94.40 .16 F= -0.15Z+ 95.08 -.33 

1 Drop-height values up to 12 feet may be substituted for Z. 



£> 00 CO iH 
*> C 5 O 


oa t- oi CO 
00 05 00 (M 


CO Jl 0 > tH 

05 00 kO O 
o • * *, • 


CO 00 

I og« S 

o CO + + 
>cj ><J 

^ s 

§ ^ ° f 

O rt I I 

II li II II 

^ 


O t- “ 

"I" + ^ + 

>51 !^ ” X 

T*H O Q rH 
o 00 I CD 
O O 1 O 

II II II II 
N N 


2 ^ S § 

^ I d _f 

tH I CO lO ~ 

-)- _|_ _j_ g 

>< X X X o 

W CO OO tH o* 

o o o Y 

d d d d I 
II II II II II 

hh 


05 05 r-H O 
05 05 05 O 

o',** 


U5 00 t>* >s^^ 
00 05 O CO 

o' * ,* 


CO CD 00 tH 03 
kO 05 S> 05 oOj 


tH kO 
O O O 

d d d 


O' tH CD 

d ^ 00 
+ + + 
><XH 

ko 00 kO 

o t> o 


N pN 


CO 05 05 (M 
05 05 00 CNI 

° /■ I ■ 


tH t> c<l 
05 05 00 (M 
O ’ ,* ,* 


CM kO 00 CO 
W 05 00 00 CM 


_ no kD 

§ § “ 2 
d CD ”1“ 3 

+ + ^ + 

X X 00 X 

t- o O' 


X X X x' 


Oj rH ro ^ 
O «D T 

+ + X X 
XX s g 
g g o o 
d d I 1 


N N 


CO o ^ 05 
Ui 2 

rH i (M “r 

+ + + + X 
X X X X O 

CM kO tH CO Q 

O o ko Y 

o o o o I 

II II II II II 

hH N N 


00 o o 

05 05 05 00 

d * ,* * 


00 t- t- CO 
*> 05 00 (M 

o’,',* 


I O tH t* rH 
5 ^ 00 05 I> HtJ tH 


CD 

CM 

00 

O ID + CD 

+ + X + 

XxSx 

§s°g 

O rH I O 

II II II II 
^ In 


• ^ w J3 

■ O 'o o 

Js- F ‘-xS 

I « « n 

“S 2 § 

^ ccj (P 

O W w o 


d CD* + 

I + H~ ^ ^ 

N;J ko CV3 




' r^S fS 
’ CU 'p o 

Iv4 F* c 
75 ^ fH ^ 

s^S.s 
” S 2 § 

O) OS 0) 

O GQ W O 


13 

> 


oS 

*H 

-p 


0) 

rCj 

1 

bD 

.£f 

*s 

1 

aS 

s 

rC. 

1 

Pi 

<3 

03 

P 

o 

p 

w 


Q 

M 


H 

X 



Eh 



'T! CO '•ch 

CO o CJ5 05 

^ I i> cxJ 

rH ' (M 00 

+ + + + + 

X X X X X 

rH kO 00 CM 

O CD CM O 

d o’ o’ o’ d 

II II II II II 

hH 


: : ^ : c 

. ; 0) o 

. . (/} ’ rt 

: : S g 

; • P. .S 

s w s « g 

CQ a oS p 

Pt< w o o 


10 



Table A-7.— Equations for determining the percentage of damage to inshell southwestem-grown Spanish peanuts at 7J,° to 76 
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Table A— 9 . — Equations for determining the 'percentage of damage to inshell Virginia peanuts at 7^"" to 76^ F when dropped upon 

different surfaces^ 
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